This study focuses on the temporal analysis of stops /p b t d k / and devoicing analysis of voiced stops /b d / produced in different word positions by six native speakers of European Portuguese. The study explores acoustic properties related to voicing. The following acoustic properties were measured: voice onset time (VOT), stop duration, closure duration, release duration, voicing into closure duration, duration of the preceding vowel and duration of the following vowel. Results suggested that when [b d ] were devoiced, the acoustic properties stop duration, closure duration, duration of the following vowel, duration of the preceding vowel and duration of voicing into closure were relevant for the voicing distinction. Implications for research and practice in speech and language therapy are discussed. Further investigation is needed to find how the productions analysed in the present study were perceived by listeners, specifically productions of devoiced stops.
Introduction
1995, Castro & Barbosa 1996) . This is a study of the voicing distinction and other production 31 characteristics in EP using new detailed temporal descriptions and devoicing criteria. 51 languages and showed that the voiceless unaspirated category is the most common category. 36 Almost all the studied languages used this category. The voiced and voiceless aspirated 37 categories appeared equally frequently as the voicing category contrasting with the voiceless 38 unaspirated category. Keating et al. (1983) also observed that the use of these different VOT 39 categories varied as a function of word position in many languages. 40 Andrade (1980) compared the VOT of homorganic stops, in initial position before a vowel, 41 in words produced by a speaker of EP. Results showed that some voiced stops had a period 42 of prevoicing (between 120 and 130 ms) followed by a devoiced period (between 10 and 43 20 ms). Results also showed that the VOT was larger for velars than for labials and dentals, 44 as in English (Klatt 1975 , Cho & Ladefoged 1999 ). Viana (1984) concluded that [b d ] were 45 sometimes devoiced in EP. Viana (1984) and Veloso (1995) observed that stop duration and 46 duration of the following vowel were acoustic properties that cued voicing in EP. 47 Voicing of stops produced by speakers of various other languages have long been studied. 48 Caramazza & Yeni- Komshian (1974) concluded that in Canadian French more than 58% of 49 the voiced tokens were produced without prevoicing. Luce & Charles- Luce (1985) suggested 50 that vowel duration was the most reliable correlate of voicing for stops in word-final position. 51 The mean vowel duration was longer for words ending in voiced stops (177 ms) than those and that there were multiple acoustic properties related to the voicing distinction, e.g. the 57 duration of prevoicing for both labial and alveolar stops, F0 movement for labials and the 58 spectral centre of gravity of the burst for alveolars.
59
Vowel devoicing and deletion in EP, as well as the effect of deletion in the neighbouring 60 segments, have been also studied for more than a century (Andrade 1994 produced by six speakers in a frame sentence.
107
The corpus was manually segmented with Adobe Audition 3.0. The words were then 108 analysed using the Speech Filing System (SFS) version 4.7/Windows (Huckvale et al. 1987 ).
109
The acoustic events that were annotated are listed here (see Figures 1 and 2) . possible to determine IO because the words were produced within a frame sentence, so 119 even word-initial stops were preceded by a word that ended with a vowel. • When voicing lasted from between a third and a half of the closure duration, the stop was 141 classified as partially devoiced.
142
• When the duration of voicing was greater than a half of the closure duration, the stop was 143 classified as voiced. 
Statistical tests

Temporal analysis
175
The results of stop duration, closure duration, release duration, duration of the preceding vowel [bi] (see Table 1 ) and in medial position. The duration of the preceding vowel was longer in 217 voiced-stop contexts (N = 54 in both groups), when stops occurred in medial (see Table 2 ) 218 and final positions. vocal folds continue to vibrate so it is expected to be shorter for these stops. Table 3 ). plus all of the tongue surface and some parts of the cheeks participate (Rothenberg 1968 ).
Duration of vowels
264
In initial position, the mean stop duration was longer for voiceless (175 ms) than for 265 voiced stops (106 ms). These results agree with those of Viana (1984) and Veloso (1995) . previous studies of EP (Viana 1984) and Korean (Brunner et al. 2003) . The voicing into proposed for EP (Viana 1984 , Veloso 1995 to the voicing distinction in stops when these consonants are devoiced. 
